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Introduction

Exciting time now at the TeVatron !
frenzy activity in physics analysis

Optimize event selections for SM physics and
new physics as in both cases the composition
of the samples are important

Tests of the SM
   works remarkably well
Search for new physics
   hints here and there….

Cross sections for various physics processes vary over
many orders of magnitude:
    processes of interest are often buried under heavy background
    need good rejection factors, selection and analysis strategies

Common datasets

Common identification/reconstruction cuts

LQ  
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Outline of the talk

n TeVatron Performance and CDF detector
n Searches and Limits

n Leptons and  tracks based searches
n dilepton searches

n opposite sign leptons
n same sign

n CHAMPS
n Magnetic Monopoles leptons

n … + Missing Energy  and Photons
n Multibosons
n SM Higgs in WW
n excited electrons
n GMSB SUSY

n … + Jets and heavy flavors
n Leptoquarks
n SM Higgs
n SUSY (MSSM, RPV)

n Indirect Limits from BsÆmm

Elec
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Tevatron performances
Tevatron successes in early 2004:

n ~430 pb-1 delivered
n ~350pb-1 on tape.
n Analyses presented here are using

from 38 pb-1 to 240 pb-1 of data
n Error on luminosity is ±6%

n 1.6% due to CLC systematic error on CLC
rate

n 4.0% due to CLC acceptance sys

n 3.8% due to  limited by knowledge of
pp inelastic cross section.
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CDF Run II Detector

From Run I:
•Solenoid
•Central muon system 
•Central calorimeter

•Front-end DAQ
•Trigger

Track (L1) and Displaced Track (L2)

New For Run II:

•Plug Calorimeters (1.0 < |h| < 3.6)
•Extended Muon Coverage (|h| < 1.5, gaps filled in)

•Silicon Tracker (8 Layers) (|h| < 2.0)
•Central Outer Tracker (|h| < 1.0)
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Electrons, Muons and Tracks

Plug electron:
 EM calorimeter cluster
(silicon, COT hits may 

be attached)
1.0 < |h| < 2.8

Central electron:
A track pointing to an EM

calorimeter cluster
|h| < 1.0

‘Loose’ muon: 
An isolated track

pointing to a gap in
the muon coverage

|h| < 1.0

‘Tight’ Muon:
 An isolated track pointing

to a muon ‘stub’
|h| < 1.0

Tracks:
Isolated and/or MIP
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Searches in dileptons
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Searches in dileptons ( cont’d)

Calculate the acceptances for
resonant states for 3 different 
spin assumption (0,1,2)

• Randall-Sundrum graviton model
        4-dimensional metric multiplied by warp factor
        exponentially changing with the additional dimension
          Generating a large hierarchy does not require a large rc
  
       The coupling of individual KK states to matter is set by
       the weak scale  (parameters : MG and k/MP lanck)
       KK states can be observed as spin 2  resonances 

SUSY

Extra-Dimensions

Technicolor

Little Higgs
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Searches in dileptons (cont’d)

Muons
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Search for doubly charged Higgs

Doubly charged Higgs are members of Higgs triplets occurring in several types of models

• extensions of the Higgs sector of the SM
• left-right symmetric models
• SUSY left-right symmetric models

Same sign leptons signature

Very small background!

At the TeVatron doubly charged Higgs can
be  paired-produced ( Z exchange) or
singly produced ( WW fusion)

em

mm

ee
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CHArged Massive ParticleS

n TOF measurement
n RunII TOF system provides

sensitivity to  higher bg  than dE/dx
(LEP searches)

n event t0 from tracks with           PT
> 20 GeV/c
n tested with W electron sample

n Looking for tracks with high
TOFtracks - t0

n Long lived particles escaping the CDF detector
n looking at high pt muon trigger

n Isolated, slow moving
n pt > 40 GeV/c to have full tracking efficiency
n long time of flight through the detector
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CHArged Massive ParticleS

The counting experiment required D(TOF) > 2.5 ns. 

This point has a background prediction of 
2.9 +/- 0.7 (stat) +/- 3.1 (sys), with 7 observed. 

M(stop) > 108 GeV @ 95% CL. 

Interesting NLSP cases in GMSB
  stop or stau as the lightest SM partners
  stop - strongly interacting
  stau - weakly interacting

Predicted/observed events in the signal 
region (statistical uncertainties only).
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Magnetic Monopoles

Like an electric 
charge in electric field
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Magnetic Monopoles

Best Limit WorldWide 
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+ Photons & Neutrinos Final States

Neutrinos:
Large Missing Energy

Photons:
EM Calorimeter 
cluster with no 
associated track
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Di-boson Signals

Wg Zg

Triple Boson
Coupling

Non SM!

Test of gauge couplings ( as predicted by the SM) and a window 
on new physics
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Wg at CDF

s(Wg)¥BR(WÆln) = 19.7
                                    ± 1.7 (stat) ± 2.0 (sys)
                                    ±  1.1 (lumi) pb

For ET(g) > 7 GeV and DR(l, g) > 0.7:
s(Wg)¥BR(WÆln) (Theory) = 19.3 ± 1.4
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Zg at CDF

s(Zg)¥BR(ZÆll) =5.3
                                ± 0.6 (stat) ± 0.4 (sys)
                                ±  0.3 (lumi) pb

For ET(g) > 7 GeV and DR(l, g) > 0.7:
s(Zg)¥BR(ZÆll) (Theory) = 5.4 ± 0.4

Now V+g cross-sections well established, we are:
•  optimizing sensitivity  to anomalous coupling 
    and new physics
•  testing the Standard Model  in
    ways unique to  the TeVatron  
   (e.g. observing  RAZ in 
   W g production)
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Excited electrons at CDF

 Observation of excited states of quarks
and  leptons might  confirm the
hypothesis that  they are  not
elementary particles , but composite
states

•  Select events with eeg in the final state

•  Look for resonance in M(eg)

•  SM backgrounds :

Z g + DY , Z+jets, WZ, Multi-jets, g g +jets, …

Expect 3 events, observe 3 events

CDF searched for excited electron (e*)
using high pt electron data (L=200 pb-1)

At Tevatron, e*  can be produced via contact
interactions or gauge mediated interactions
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•4 EM candidates

•Could be ZZ event!

Excited electrons

Et(e1)=44 GeV

Et(e2)=42 GeV

Et(p1)=46 GeV

Et(p2)=26 GeV

MET=13 GeV

M(e2-p2) = 91 GeV/c2

run 1147806 event 1167222

M(e1-p1) = 92 GeV/c2
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Searches for SM Higgs in WW

Dominant @ the TeVatron 
for m(H) > 135 GeV/c2
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Searches for SM Higgs in WW

Comparison with THWG
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Search for W’
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SUSY searches in diphoton + ET

GMSB scenario
NLSP = c0

1Æ g G 2 g + ET

Sample selection (202 pb-1) 
• 2 central photons ET > 13 GeV
• cosmic rays and beam halo rejection

M(C1)  > 168 GeV @ 95% C.L.
               For ET > 45 GeV
Expected Background: 0.60+0.50

-026 ± 0.29
Observed:                       0

pp Æ( X Æ) c0
1 c0

1 
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Completing the puzzle ( almost..)
Jets:

energy deposit in
 h-f cone
|h| < 3.6
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Several extension of the SM model
(GUTS, Technicolor, Compositeness, RPV-SUSY)
assume an additional symmetry
between leptons and quarks

Leptoquarks

Carry both lepton (L) and baryon (B) numbers
Couple to quark and lepton of the same generation

At the TeVatron they are 
pair produced Their decay is controlled

by b = BR (LQÆlq )

Experimental signature:
high PT isolated lepton(s)
and/or ET + 2 jets
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LQ search in nnjj

124 events seen after analysis cuts

Signature: Large MET and 2 jets b’ =BR(LQÆnq) = 1

Expected =118±14

Sample Composition:
  W/Z + jets
  top
  QCD fakes

M(LQ) > 117 GeV/c2 @ 95 % C.L.

Flavor independent 
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1st generation LQ

b’ =BR(LQÆeq) = 1

b’ =BR(LQÆeq) = 0.5

b’ =BR(LQÆnq) = 1
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2nd generation LQ

Tight m’s selection complemented by m + track selection

2 events seen after analysis cuts

Signature: 2 muons and 2 jets 

Background:
    Z + 2 jets
    top
    QCD fakes

expected 3.15 ± 1.17

M(LQ) > 241 GeV/c2 @ 95% C.L.

b =BR(LQÆmq) = 1
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Data Selection

¸ Muon PT>25, MET>60 GeV

¸ 2 jets, @ ET>30GeV

¸ Veto aligned (Muon, MET)

   and (MET,jets)

¸ ET(jet1)+ET(jet2) > 80 GeV

¸ MT(MET,Muon) > 110 GeV

¸ MET/Sqrt(SumEt) > 4.5

Backgrounds
ÿ W+2jets
ÿ Top (W-->munu)
ÿ QCD

DØ Run I Limit 180 GeV
CDF Run I Limit 164 GeV
CDF Run II 200pb-1

Sensitivity          ~200 GeV

2nd generation LQ

b =BR(LQÆmq) = 0.5

Signature: 1 muon, ET and 2 jets 

In Progress
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S.M. Higgs Searches at CDF

bblWHpp nÆÆ

Selection:
•High pt lepton data 
•One high pt central e or m, large MET (MET>20 GeV)

•2 jets (at least one is tagged as b-jet)
•Veto events with >1 lepton (suppress ttbar)

Backgrounds:

•Mistags

•Wbb, Wcc, Wc

•QCD

• tt, single t, di-
boson, Z(Ætt)

S/÷B = 0.054
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Future improvements :
Include forward electron
Improvement jet energy resolution
Improve b-tagging
Combine with other channels

Higgs Search (cont’d)

Improved limit over Run1, but sensitivity
of current search is limited by statistics
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Higgs Sensitivity in Run II

Still much more luminosity needed
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Searches for exotica in MET + HF-jet

B-tagging efficiency per jetB-hadrons are long-lived and massive

Vertex of displaced tracks

SUSY
•Sbottom
•Stop
•Gluino

0
11

~~ cct Æ
1

~~ bbg Æ

0
11

~~
cbb Æ

Higgs

• SM Higgs vvbbZH Æ

Physics Processes
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Searches for sbottom from gluino decay

Single tag yields better limit on small data sample
Double tag dominated by small statistics
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SUSY in B decays

BR(BsÆmm) ~ 3.5 ¥10-9

BR(BsÆmm) enhanced by
factor 10-1000 (tanb)

Discriminating variables:
mmm, ct, Dj (dimuon, vertex) & isolation
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Bs Æmm

expected
background:
1.07±0.31
1.05±0.30
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Conclusions

Many exciting results are currently produced at CDF
First exotics  physics papers will be submitted very soon!

A signature-based approach is complemented by
Model-Based searches
           same signature, different physics

The  Puzzle is becoming more and
more interesting!
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Backup Slides
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COT aging issues
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Large Extra Dimensions (LED)

n Weakness of gravity is explained by Extra Dimensions
n SM is confined to 3D-world (brane)
n Gravity propagates in ED and is as strong as other interactions but this is

apparent only to (3+n)-dimensional observer

n Can detect LED via virtual graviton effects
n Searched for anomalies in e+e- and gg events

n Also searched for monojet signatures
n Jet recoiling against Gn
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Old Higgs mass limit from MTop
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LQ limits compared to HERA
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Dimuons searches at CDF


